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Changes in BUCKLE1.2

The *‘metric units’’ system is added.

Five (5) sections of wellbores (cased-hole or open-hole)} can be used.

Five (5) sections of tubulars can be used.
Developed under VISUAL BASIC 3.0.

Bit weight is limited to larger than or equal to zero.

Revised January 1994

Please discard the old BUCKLEL program (Version 1.1) after you receive this updated new
BUCKLE]! program (Version 1.2).
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Revised October 1993

Changes in BUCKLEI1.1

Different friction factors are now allowed for cased-hole and open-hole.
Wellbore size sections are now increased to 3.

Tubular/wellbore data file for ‘‘whole well analysis'’ now uses new extension name *.BT1, and
section data file for ‘‘straight section analysis'’ now uses new extension name *.XD1. The format
of the new data files has also changed a little bit from the old ones.

A straightness factor has been added in ‘‘straight section analysis’ to simulate the effect of real
wellbore tortuosity on friction/drag calculation. Straightness factor is multiplied times the actual
friction factor to give the predictive friction factor.

Different values of straightness factor are recommended for different types of wellbores as follows.

r— —— 1
STRAIGHTNESS RECOMMENDED
WELL TYPES FACTOR RANGE VALUE
Perfectly straight 1.0 1.0
Fairly straight 1.0-1.2 1.1
Typical 1.2-1.5 1.3
Fairly crooked 1.5 - 1.7 1.6
Very crooked 1.7-19 1.8

User can also input any desired value for straightness factor.






1

4 1 1

B

1. Introduction

Tubular buckling and frictional drag are two of the more important concerns of drilling, well
completion, and wireline logging operations. Tubular buckling can result in severe frictional drag with
potential lockup of tubulars in the wellbore when operating in extended reach and horizontal wells. To
help prevent such disasters, Maurer Engineering Inc. has developed a tubular buckling Windows
application, BUCKLEI, as part of the DEA-44 project 0 ‘‘Develop and Evaluate Horizontal Well
Technology,’’ and the DEA-67 project to ‘‘Develop and Evaluate Slim-Hole and Coiled-Tubing
Technology.”’ This program is written in Visual Basic 1.0 for use with IBM compatible computers.
The BUCKLE! program runs in Windows 3.0 or later versions.

The program describes the complex concepts of helical buckling and lockup of tbulars. The
mathematical model consists of tubular buckling analysis and frictional force calculations for buckled
tubulars. The model is suitable for 3-D wellbores (vertical, inclined, and horizontal) for both inland and
offshore applications. It handies both steerable drilling and running tubulars into wellbores for well
completion, logging, and stimulation. The program allows the user to select either Chen's helical
buckling model or Wu's helical buckling model to analyze the tubular buckling. It also considers the
tubular yield strength reduction due to helical buckling bending stresses, Compressive loading of the
tubular must be kept below this reduced yield strength to prevent permanent deformation of the tubular.

The program predicts the tubular axial load distributions and hook load during the process of running
tubing into a well. It also presents a straight wellbore section analysis for vertical, inclined, and
horizontal wellbore sections. This section analysis describes the concepts of buckling and frictional force
of a buckled tubular by presenting graphs showing the axial load distribution, hook load versus slack-off
weight, tubular yield strength reduction, etc.

1.1 MODEL FEATURES OF BUCKLE1

The key features of BUCKLE] are its ability to:

Consider both tubular buckling and frictional drag for buckled tubular.
Deal with 3-D wellbores.

Select either Chen or Wu helical buckling model.

Consider inland and offshore drilling rigs.

Consider both drilling and tripping-in operation.

Consider 3 sections of tubular string and 2 well intervals currently.
Consider both whole well and straight section analyses.

NonbE W~
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The output window for whole well analysis is a compilation of *‘child’’ windows of text reports

and graphs which include:

0N W

Tabulated results.

Axial load distribution.

Tubular buckling load.

Normal force distribution.

Hook load variation during tripping-in/drilling process.
Wellbore deparmre.

Dogleg severity.

Inclination angle.

The output window for the straight section analysis is also a compilation of ** child’* windows

of text reports and graphs which include:

1.2

R o e

Tabulated results.

Axial load distribution.
Helical yield load.

Bit weight variation.
Maximum bit weight.
Maximum section length.

There is an animation window for both section analysis and whole well analysis, which illustrates
the tubular buckling status and development. When the user clicks a *“+ "’ button to increase the bit
weight, the tubular buckling and ‘‘lockup (yield)'’ are shown by different colors along the tubular goods.

REQUIRED INPUT DATA

There are four data files associated with BUCKLE]:

1.

Survey data file (.SDI).

a. Directional survey data for the well. Survey must start with zero depth, zero azimuth,
and zero inclination.

Tubular data file (.TDI).

Tubular OD, ID, weight, length, and yield strength data.
Wellbore/casing ID, length data.

Bit weight, starting depth for drilling.

Inside and outside fluid densities.

Friction factor.

o oo o

. Section data file (.XDI).

Wellbore diameter, wellbore section length data.
Tubular OD, 1D, weight, and yield strength data.
Inside and outside fluid densities.

Bit weight data.

Friction factor data.

pacow

Project data file (.PJB).



The section data file (.XDI) contains data for straight section analysis, while the survey data file
(.SDI) and tubular data file (.TDI) serve for whole well analysis.

All input data saved on the disk or in memory are in the English system of units,

The project data file contains the other three data file’s names, so that the user can open the
project file and the computer will input the three data files automatically.

1.3  DISCLAIMER

No warranty or representation is expressed or implied with respect to these programs or
documentation including their quality, performance, merchantability, or fitness for a particular purpose.

14 COPYRIGHT

Participants in DEA-44/67 can provide data output from this copyrighted program to third parties
and can duplicate the program and manual for their in-house use, but will not give copies of the program
or manual to third parties.
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2. Theory and Equations

2.1 APPROACH

Figure 2-1 illustrates the conceptual approach used to model the areas of interest in the well by
taking the horizontal section as an example. When drilling or tripping into the well, the tubular in a
horizontal section is in compression, due to frictional force and/or bit weight. The axial compressive
load increases uphole from the bottom of the tubular as a result of the frictional force.

When the axial compressive load exceeds the sinusoidal buckling load limit for the tubular, it will
buckle into a sinusoidal shape. When the axial compressive load increases to its helical buckling load
limit, the tubular will be buckled helically. The helical buckling of the tubular will in turn generate a
large contact force between the tubular and the wellbore wall due to the confinement by the wellbore
wall. This buckling produces a large frictional force. When drilling or running into the well, the
frictional force is now much larger than that for anunbuckled, straight tubular. Therefore, the axial load
distribution will no longer be linear, but a quickly rising non linear curve (Figure 2-1).

TUBING LOAD
Lbf

MEASURED DEPTH ——=

/VW\W =)
|

/

L HELICAL _l_ SINUSOIDAL l NO
" BUCKLING ' BUCKLING ' BUCKLING

Figure 2-1. Tubular Buckling and Axial Load Distribution



For tubulars in other types of wellbores, such on a vertical or inclined wellbore, large frictional
force will be generated if the tubular is helically buckled, and the axial load distribution of the tubular
will be very different from that of a straight, unbuckled tubular.

Since the axial load distribution of buckled tubulars is not the same as that of the unbuckled
tubular, we must develop a new model to deal with tubular buckling and the large frictional drag due to
the buckling. This is necessary to correctly predict bit weight for an extended-reach and/or horizontal
well when there is buckling of a tubular in some part of the wellbore. It is also very important for us
to predict when and how the tubular can be locked up in the wellbore due to the extreme frictional drag
resulting from tubular buckling. When the tubular is locked up, it cannot be pushed farther into the hole.
No increase in bit weight will result from further slack off of weight at the surface.

2.2 TUBULAR BUCKLING MODELS

To detect the buckling of tubulars, we have to use the tubular buckling loads as the criteria.

2,2.1 wson Pasl inusoidal Buckling Criteri
This model (Dawson and Paslay, 1984) says that when the tubular axial compressive load
exceeds the following critical load, the tubular will buckle into a sinusoidal shape:

Fcr =2 _esﬂ (2'1)
r

where
F., = Sinusoidal buckling load, Ibf
E = Young’s modulus, psi
I = Moment of inertia of pipe, in?
We = Effect weight of tubular, 1b/in.
r = Radial clearance between pipe and wellbore, in.
8 = Wellbore inclination angle, rad.

222 W d Juvkam-Wold Sinusoidal Buckling Criterion
This model (Wu, 1992) presents different buckling load limits for the tubulars in various
wellbore orientations,

For the tubulars in straight, inclined wellbores, the sinusoidal buckling limit is the same as
that in the Dawson and Paslay equation:

Fo =2 EIWe sinf (2-2)
r
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For tubulars in a vertical wellbore, the sinusoidal (initial) buckling load is:
F, =2.55(EIWe?2)!/3 (2-3)

For tubulars in a curved wellbore, the sinusoidal buckling load is:

p o 4EL 1 | rR? Wesing @49
IR 4E1
where
R = Radius of wellbore curvature, in.
2.2.3 Ch heath: lical Bucklin iteri

When the axial compressive load of the tubular exceeds the following compressive load, the
tubular will buckle into a helical buckling shape (Chen et al., 1989):

F*=2 I EIWesiné (2-5)
r

224 W vkam-W lical Bucklin

This model includes different buckling load equations for the tubulars in different welibore
orientations.

For the tubular in a straight, inclined wellbore, helical buckling occurs if the compressive
load exceeds the critical value in Eq, 2-6 (Wu and Juvkam-Wold, 1993A).

Fou=2(2v2°1) | EIWe sin 6 (2-6)
T

For the tubular in vertical wellbores, the helical buckling load limit is (Wu, 1992):
Fpe = 555 (EIWe )} 2D

For the tubular in curved wellbare, the helical buckling load limit is (Wu, 1992):

F, = 12EI 1+ 1+rR? We sin 6 2-8)
hel ™ | =T 8EI
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2.3 FRICTIONAL FORCE MODEL
2.3.1 Frictional Force Model for an Unbuckled Tubular

For an unbuckled tubular, frictional force is calculated by considering the normal force acting
between the tubular and the wellbore wall. The force is composed of 1) the effects of the tubular
weight, and 2) the effects of the compression or tension acting through the curved wellbore. The
frictional force is the product of the normal force and the friction factor (the coefficient of friction). The
effect of bending on the normal force in a curved wellbore is not considered. It is assumed that its
contribution to the normal force is small.

Figure 2-2 shows the free-body diagram of a single (unit) element of the tubular for the
frictional force model of unbuckled tubular running into the wellbore (Johancsik, et al., 1984).

F+AF

B+a8.Q+a®

6.0

Figure 2-2. Free-Body Diagram of a Single Element

The normal force, N, is calculated as:

N = [(FA¢sing ) +( FAG + Wesing )2 ]1/2 29
The frictional force on this element is:
Fe=f+N (2-10)
The axial load increment is then:
AF =F;-Wecos 8 2-11)

2.3.2 Frictional Force Model for Buckled Tubular
Once the tubular helically buckles in the wellbore, an additional normal force will be
generated due to the confinement by the wellbore wall of the buckled tubular. The additional normal
force can be calculated as (Mitchell, 1986):

AN =rF2/4EI (2-12)

24
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The total normal force is then

2
N =[(FA¢sin6)? + (FAG +Wesing )2 112 + ;IF:"‘.I (2-13)

Notice that for a helically buckled tubular, the contact force will increase by the square of
the axial compressive load, resulting in an extremely large frictional force, which in turn increases the
axial compressive load. This is just like the *‘snow ball>’ effect and eventually results in the “*lockup’’
of the tubular in the wellbore (Wu and Juvkam-Wald, 1993B).

2.3.3 Lockup

When the axial load cannot be transmitted to the tubular bottom or the tubular cannot be
pushed further into the wellbore by *‘slacking-off’” weight at the surface, it is generally referred as
“‘lockup’’ of the tubular in the wellbore.

True ‘‘lockup’’ is usually approached when *‘slacking-off’’ to zero hook load.

2.3.4 Yield of a Tubular

When a tubular buckles helically, it will yield at a much lower compressive load. This is
because the helical buckling produces a bending stress — tensile stress on the outer convex portion of
the curve and compressive stress on the inner concave portion of the curve.

The total compressive stress now becomes (Lindsey, et al., 1980):

O = F/A, + Dyr F/d1

where
A, = tubular net cross-section area, in.’
D, = twbular outside diameter, in.
r = radial clearance between pipe and wellbore, in.
I = moment of inertia of pipe, in.

If we consider that the tubular begins to yield when the total effective compressive stress
reaches the original wbular yield strength [o], then the minimum compressive load that will produce a
permanent deformation (yield) of the tubular due to the helical buckling is defined by Eq. 2-14.

F, = [ol/ (VA + Dr/dl) 2-14)
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3. Program Installation

3.1 BEFORE INSTALLING

3.1.1 Hardware and System Requirements

BUCKLEI is written in Visual Basic®. It runs in either standard or enhanced mode of
Microsoft Windows 3.0 or higher. The basic requirements are:

Any IBM-compatible machine built on the 80286 processor or higher (with math
COProcessor).

2 megabytes of RAM; 4 megabytes is recommended.
Hard disk.
Mouse.

CGA, EGA, VGA, 8514, Hercules, or compatible display. (EGA or higher
resolution is recommended.)

MS-DOS version 3.1 or higher.
Windows version 3.0 or higher in standard or enhanced mode.

These are the minimum system requirements. We strongly suggest the program be installed
on and be operated from the hard drive.

The amount of calculation (or calculation time) depends to a great extent on speed of the
machine and number of calculation intervals used. Usually, calculation time is less than one minute on

an 80386 processor.

For assistance with the installation or use of BUCKLEI, contact:

Jiang Wu or Russell Hall
Maurer Engineering Inc.
2916 West T.C. Jester Boulevard
Houston, Texas 77018-7098 U.S.A.
Telephone: (713) 683-8227  Fax: (713) 683-6418
Telex: 216556

3.1.2 he Pr. m Disk

The program disk you received is a 3'4-inch, 1.44 MB disk containing 20 files. These
20 files are as follows:

3-1



SETUPKIT.DL_
VBRUN100.DL_
VER.DL_
COMMDLG.DLL
GSWDLL.DLL
GSW.EXE
SETUP.EXE
SETUP1.EXE
BUCKLE1.EXE
SETUP.LST
TEST.PJB
TEST.SDI
TEST.TDI
TEST.XDI
CMDIALOG.VBX
GAUGE.VBX
GRAPH.VBX
GRID.VBX
MDICHILD.VBX
THREED.VBX

We recommend that all .VBX and .DLL files that have the potential to be used by other
DEA-44/67 Windows applications be installed in your Microsoft WINDOWS/SYSTEM subdirectory.
This applies to all the .VBXs and .DLLs included here. The BUCKLEI executable (BUCKLEI.EXE)
file should be placed in its own directory (default ‘‘C:/BUCKLE1"’) along with the example data files
TEST.*. All these procedures can be done by a simple setup command explained in Section 3.2,

In order to run BUCKLE], the user must install all the files into the appropriate directory
on the hard disk. Please see Section 3.2 to set up BUCKLEL.

It is recommended that the original diskette be kept as a backup, and that working
diskettes be made from it.

3.1.3 Backup Disk
It is advisable to make several backup copies of the program disk and place each in a
different storage location. This will minimize the probability of all disks developing operational problems
at the same time.

The user can use the COPY or DISKCOPY command in DOS, or the COPY DISKETTE
on the disk menu in the File Manager in Windows.

3-2
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3.2 INSTALLING BUCKLE!1

The following procedure will install BUCKLEI from the floppy drive onto working subdirec-

tories of the hard disk (i.e., copy from A: drive onto C: drive subdirectory BUCKLE! and WIN-
DOWS/SYSTEM).

1. Start Windows by typing ‘“WIN"* <ENTER> at the DOS prompt.
2. Insert the program disk in drive B:\.

3. In the File Manager of Windows, choose Run from the File menu. Type B:\setup and press
Enter.

4. Follow the on-screen instructions.

This is all the user needs to set up BUCKLElL. After set up, there will be a new Program
Manager Group which contains the icon for BUCKLE] as shown in Figure 3-1.

- Program Mansger A E:
File Qptions Window Heip
- Microsoft PowerPoint
o - Microsoft Visual Basic
N I el Main T TP
ph: - Microsolt Excel 4.0 w i
o= Plzazze+ IBRER
M1 b DEA APPLICATION GROUP e
f Fa [] .
W b~
J 4 P E‘”l
WDZ*L']'JD weon2  BUCKLE!
—L‘ q
-
[

Gamea ‘Wndows Stalpion'windowsicrosol VB xomones Wel  Waodia
Applc.ats Apchcations Tool Professional Control  wirdom
Jonkd ~Arhcatve 20

Figure 3-1. DEA APPLICATION GROUP Window Created by Setup

3.3  STARTING BUCKLE1

3.3.1 Start BUCKLE] from Group Window

To run BUCKLE]1 from Group Window, the user simply double-clicks the ‘‘BUCKLElL"
icon, or when the icon is focused, press <ENTER>.

33



3.3.2 Use Command-Line Option from Windows

In the Program Manager, choose Run from the File menu. Then type C:\BUCKLEI\-

BUCKLEI.EXE <ENTER>.

3.4 ALTERNATIVE SETUP

When the SETUP procedure described before fails, follow these steps to install the program:

1.
2.

3.

10.

11.

12.

13.

14.

Create a subdirectory on drive C: C:\BUCKLEI.
Insert source disk in drive B: (or A: may be substituted for B: in this procedure).
Type: C:ABUCKLE1 <ENTER>.

At prompt C:\BUCKLE], type:
Copy B:\BUCKLE].EXE <ENTER>
Copy B:\TEST.* <ENTER>.

Type: CD C:\WINDOWS <ENTER>.

At prompt CAWINDOWS, type:
Copy B:\VBRUN100.DL_ VBRUNI100.DLL <ENTER>.

. Type: CD SYSTEM.

At prompt C:\WINDOWS\SYSTEM, type:
Copy B:\*.DLL <ENTER>

Copy BAGSW.EXE <ENTER>

Copy B:\*.VBX <ENTER>.

Type: CD.. <ENTER>, then key in *“WIN”* <ENTER > to start Windows 3.0 or later

version.

Click menu ‘‘File”’ under ‘‘PROGRAM MANAGER,"” select item ‘‘New...,”’ click on
“PROGRAM GROUP”’ option, then [OK] button.

Key in ‘‘DEA APPLICATION GROUP" after label ‘‘Description:,”’ then click on [OK]
button. A group window with the caption of ‘‘DEA APPLICATION GROUP’’ appears.

Click on memu “‘File’’ again, Select *‘NEW...,"* click on 'PROGRAM ITEM™’ option,
then [OK] button.

Key in BUCKLEI!"’ after label *‘Description,’ key in ‘‘C:\BUCKLEI\BUCKLEI.EXE" after
label ““COMMAND LINE,” then click on [OK] button. The BUCKLE] icon appears.

Double click the icon to start the program.
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4. Running the Program

4.1 INTRODUCTORY REMARKS

BUCKLEI runs in a Windows environment. It is assumed that the user is familiar with Windows,
and that his or her computer is equipped with Windows 3.0 or later.

For information about Windows in a concise and convenient form, 10 Minute Guide to Microsoft
Windows 3 by Katherine Murray and Doug Sabotin, published by Sams, is recommended.

In this quick start, step-by-step instructions take the user rapidly through the program. To save
time and space, data will be input from prefabricated files, TEST.SDI, TEST.TDI, and TEST.XDI,
which are included on the program disk and which were stored in directory C:\BUCKLE! during the
SETUP process in Section 3.

4.2 GETTING STARTED

1. Call up Windows and make DEA APPLICATION GROUP the active window, as shown in
Figure 4-1.

o Program Mansger
File Qptions Window Help
- Microsoft PowerPwint
d= Micrasol Visual Baalc
M:: - Main
b od - Microsoft Excel 4.0
o= Plzazz+
M ool - DEA APPLICATION GROUP
[
TR E
N 3 A |
W"%_"t')UD welconZ BUCKLE)
L] |
||

=

Games Windows Starip lonWindows crosot VB xossofies Well  Word lor
Applc shong Apphc.ob. Tocks Professional Canbal  #/ridows
Tookd, dmdesen 70

Figure 4-1. DEA APPLICATIONS GROUP Window
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2. Double click on the BUCKLEI icon. This will open the program title window (Figure 4-2).
Click the [OK] button to open the information window.

= [~ ]~

ANALYSIS FOR TUBULAR,
BUCKLING AND LOCKUP

Maurer Engineering Inc.
Houston, Texas

Figure 4-2. Program Title Window

3.  When the information window (Figure 4-3) appears, click on the [OK] button. This will open
the program Main Window, shown in Figure 4-4. Clicking [QUIT] stops the program.

- BUCKLET

Tabular Buckli {1 ockup Analvais fversion 1.0

DEA-44 / DEA-ET
Praject te Develop and [ valusie Herzontal
Drilling Technolegy

Project W0 Develep and Evaluate Sin-Hels and

Figure 4-3. Information Window
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File Run Heip

[

C Straight Section Analveis @ Whola Well Analpeie
[vikhost SDi Fie) {requirs SDI lie)

O Tripping-in
O Horizomial Sectom @ Driling

C ¥mucel Secuon

C Inchrwed Seclion ;

Buckling Modal Options
®! Wu b Juvhom Wold {tinussidal and hobcalll
C Dawson & Paslay (sinusoidal) + Chen & Chaatham (hefical)

Figure 44, Main Menu: Data Input Window

4. When the Main Window, Figure 4-4, appears, notice that there are two major sets of choices
to be made in this window. These are:

1. Analysis options — straight section or whole well.
2. Buckling model — Wu's or Chen’s model.

The user’s decision is indicated by clicking on the button in front of each listed option. The
analysis option decision should be made first, so that the proper data can be input to run the calculations.
The user may shift the buckling model options after data has been input. For ‘‘straight section analysis, "’
the user can choose the straight section type: inclined, horizontal, or vertical. For ‘‘whole well
analysis,”’ the user can choose the operation type: tripping or drilling. The whole well drilling analysis
and Wu’s Buckling Model are the default setting.

If not using the mouse, move the cursor from one decision field to another by using the tab key.
Move within a decision field by using the arrow keys.

5.  After setting these options, click on ‘‘File’’ in the menu bar at the top of the screen. This
allows the user to open the Section Data Input (XDI-file) window if the straight section
analysis option is chosen (Figure 4-5), or Open Survey Data Input (SDI-file) window and
Tubular Data Input (TDI-file) window if the whole well analysis option is chosen (Figure
4-15).
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Instead of directly inputting data by the user accessing the data files, if the data file's names
are saved into a project file, the user can also open/access the project file by clicking
“‘open...”’ under ‘‘File’’ from the pull-down menu of the Main Window and the computer
will read the data. Then click ‘‘start’’ under ‘‘Run’’ from the pull-down menu bar of the
Main Window to start computing. This will bypass the following data input procedures.

If the user wants to directly input data and the ‘‘Straight Section Analysis’’ is selected, the
user is allowed to click the ““XDI file'’ under ‘‘File'' in the menu bar at the top of the Main
Window (Figure 4-5) to open/access the Section Data Input window (Figure 4-6).

Main fv]e

Analysis of Tubular Buckling and Lockup

@ iShaight S ection Analysial C: Whole Well Analysis

[without SDI File] [reqpuire SDI fie]

{& Inclined Saction i C: Tripping-in
C; Hotizontal Section C Diiding
€ Vestical Saction :

Buckling Model Options
®: Wu & Juvkas-Wold (sinusoidal and holical]
C: Dawson & Pazley [si wdal) « Chen & Chaatham (heiical)

Projoct Data File [PIBY | 1
Section Data Dk PXDI). | 1

Compuission complesed

Figure 4-5. Opening the Section Data Input Window
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Figure 4-6. Section Data Input Window

When the *‘Section Data Input”’ window (Figure 4-6) appears, click ‘‘open...”" under
**Section File’” in the menu bar at the top of the window (Figure 4-7), to input the data stored
in the data file (*.XDI). The user can also input data manually.

Section dsta input

Straight Section Analysis Data Input

ubular Dotz

Walbow Data
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Figure 4-7. Section Data Input Window
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9.

10.

Once ‘‘open..." is clicked, the following file open dialog box appears on the screen (Figure 4-8).

- Seclion data input |-{~
SectionFile
-] flle OPEN

T Fle Hame: Directaries:

§ [ | c\bucklel

| [testxd 3 =)

=l
i| Liat Fios of Typec Drives:
1 [%DIfaerxD0 3} [EcieeT |
_

/'Ym'l modulus (pai] T

E| ]
g

L e r—
Ca—

Friction factor =

T

Figure 4-8. File Open Dialog Box

When the file open dialog box opens, click on C:\ in the Drive box. This causes the list of
*.XDI files stored in drive C:\BUCKLEI\ to appear in the File Name box at the upper left
of the window, as shown in Figure 4-8. Click on Test.XDI, then click [OK]. This fills the
section data input window with the data stored in Test. XDI as shown in Figure 4-9.

Seciion daia input

(-]«

Straight Section Analysis Data Input

ubulas Dada
0D o) =
ID (i} =
Weight (ib/1t) =
Insido fhad (ppg) =
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[ (3«07 ||

|

Welbora Data
Walboie size [in.) -
tength (1) =
inchosion e+ [T

| m—]

Figure 4-9. Section Data Input Window — Filled
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11. Click on Section File in the menu bar above. When the Section File window opens, click on
Exit. This takes the user back to Main Window as shown in Figure 4-10. Note: the section
data file name is now filled into the lower part of the Main Window.

- Main [~i~
File Run Help

Amufyﬂs qf T ubu.lar Buck}ing aud Lackzlp

C Whole Wel Analyris
[m SOl iWe] [roguire SOI lie)
© £ Inchned Section C Tripping-in

* € Hovirontel Section L1 Deiing
i @ Vertical Seclion i

Buc*-bu} Modal Gptions
i & Wu k Juvkem-Wold [sinuscidal and hesicai)
 Dewson & Pnh} luunudll] - D-n 4 Chulhl- [hnlcdl

El_opchda Fie [PIE} B T
[ Section Dats Fie (XDIF | CABUCKLET\TESTXDI |

Compasation complessd

Figure 4-10. Main Window — Filled with Data File Name

12. Click ‘‘Start’” under '‘Run’’ from the pull-down menu bar of the Main Window to start
computing. An indicator will display the percent of computation completed as a function of
time. When the indicator reaches 100%, the Main Window disappears and the result output
window appears (Figure 4-11) with eight graphs and one table being displayed on Tile mode.
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[N p— 'y g » g B s b wapl o el ~ M1 )
’ 150 40[
a6 el R lw 20 g
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1 L) i "”w 10 ox
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. . . it - IS ’:
‘-'--"l‘.--hh e —-—d i s 5 .= J -]
! ginesokial buaf 2| 100 3% 2 ’e,
) ]3| 200 %676 | .
--------------- Halical buc 4| 300 %16 3 3 — 75,
T | o

Figure 4-11. Section Analysis Result Output Window
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13. Each graph or table can be pulled-up to full screen (Figure 4-12) by clicking the right-top
corner of the graph or table, The table shows the numerical values of the graph, which are
active by a single click.

- Section Anslysis Output - [Bit weight vs. slack-oft weight] [=
= File Window

Bit weight (section length= 4000 ft, slacking-off
to zero hook load)

“

6 T FARIT
Bit //’—
weight
oo //
2
/ J =040
0

0 s 1t 15
Slack-off weight (1000 Ibf)

Figure 4-12. Full-Screen Graphs

14. By clicking the down triangle in the top-right corner of the full-screen graph, it returns o its
original small size.
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Figure 4-13. Section Analysis Result Output Window
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15. By clicking ‘‘Tubular Buckling Animation’’ under ‘‘window’’ in the menu bar of the Section
Analysis Result Output window above (Figure 4-13), the *‘Tubular Buckling Animation”’
screen (Figure 4-14) appears. The axial load distribution of the tubular is shown in the left
graph, and the buckling status of the tubular is shown in the right graph.

- Tubular Buckling Animation T+l
File

Tubular buckling status visualization
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ol ! . ;
Pal ' : v
e H v
- - :
2 : ? : é
NN [ S S —
12 i { : H :
2 I : : : ! J
s ndayhaaieee &) H B H N

Section length (t] = 4000
Bt woight " N
incramont it Bit waight Ibf):

1000 [ - 1000 + r

Figure 4-14. Tubular Buckling Animation Window

16. Click the ‘'+" or *‘-”" buttons (Figure 4-14) to increase or decrease bit weight. The bit
weight increment, by one click of the buttons, can be reset by changing the default value
(1000 1bf). Bit weight can also be input directly. The buckling development can be seen by
the color change on the right graph and shape change on the left graph. Clicking ‘‘Back to
Main’’ under ‘‘File’’ in the menu bar of the ‘*Animation Window’’ takes the user back to the
Main Window.



17. When the ‘““Whole Well Analysis’’ option is selected and the user is ready to input data,
survey data (SDI-file) and tubular data (TDI-file) must be input (Figure 4-15).

:- Main [q.

¢ Run  Help

Analysis afTubuJar Bacldiag and Lockup

Ext Andym Opnon.r
C Suaight Section Analysis G-nﬂ._u_u_wg_uﬂ]

(without 501 Fle) (roquire SDI fie)

. € tnchwed Soction : C: Frioping-in
i C Houizontat Secton (5. Drilling
i O Vmucel Secton .

" Buckling Model Options
: @ Wu & Juvkam-Wold [sinusoidal and hefical)

L D-m&PuhylmnddloDmiChaﬂhnw :
Project Omta Fibe (PJBE Tl

Survey Data File (SDI}
Tubular Data Fie (TDI}

*]

Computation complased

Figure 4-15. Main Window

18. Click ‘‘SDI-file’’ under ‘‘File’’ in the menu bar at the top of the Main Window to go to the
well survey data input window (Figure 4-16).

= -SURVEY DATA INPUT [SO(} |=1=

i 23 tgs ey TR S L

Whole Welil Analysis Data Input {(SD| file)

Statlon Mcasured Inclination  Azimuth
No, Depth Anglc Angle
1 Jo.o 0.0 0.0 -] |

Figure 4-16. Survey Data Input Window
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19. Once the Survey Data Input window displays, click ‘‘open...”" under ‘‘SDI File’ in the menu
bar at the top of the window (Figure 4-17) to input the survey data stored in a data file.

-SURVEY DATA INPUT |SDI)- _I=1-

SDHile

Whole Well Analysis Data Input (SDI file}

; Siption  Mcasuyred Ingliastion  Aziputh
Mo, Depth Angle Angle

1 Joe 0.0 0.0

Figure 4-17. Survey Data Input Window

20. Once “‘open...” is clicked, the following file open dialog box is displayed (Figure 4-18).

= _SURVEY DATA INPUT [SDI}- =1+

-] SOI Flle Save As

File Name: Diactories:
l lazt sk =\bucklel

i BB SO i 3

il TN,

5.' Save File at Jypa: Drivec
;:;;fsnlramr.sn|1 3] [Scmexm I3

Figure 4-18. SDI File Open Box
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21,

22.

When the SDI File Open box opens, click on C:\ in the Drive box. This causes the list of
* _SDI files stored in drive C:\BUCKLEI\ to appear in the File Name box at the upper left
of the window, as shown in Figure 4-18. Now, click on Test.SDI, then click on [OK]. This
fills the Survey Data Input window with data, as shown in Figure 4-19.

o | -SURVEY DATA INPUT-C3BUCKLEI\TEST.SDI |=]=
SDHile

Whole Well Analysis Data Input (SDI file}

s
]

Figure 4-19, Survey Data Input Window — Filled

Notice that there are three sets of options available. These are:
1. Depth — Feet or Meters;

2. Inclination — Decimal degrees or Degrees and Minutes; and
3. Azimuth — Angular or Qil Field Measure,

To change any of these, click on the desired option. If not using a mouse, use the tab key
to move from one field to another, and use the arrow keys to move within a field. As the
use moves from one value to another, the highlight will move accordingly. Default choices
are Feet, Decimal, and Angular, respectively.

Before leaving this Survey Data Input window, set these three options to suit your needs.

Now, click on the SDI File in the menu bar at the top of the Survey Data Input window.
When the File window opens, as shown in Figure 4-17, click ‘‘continue’’ to go back to Main
Window, with the ‘‘Survey Data File (SDI)’' box now listing C:\BUCKLE\TEST.SD], as
shown in Figure 4-20.
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- Main Ceis
File Run  Help

Anatysis of Tubstlar Buckling and Lockup

* Analysis Options -
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[ Tubulat Data File (TDIE I3
Computation complesad

Figure 4-20. Main Window — Filled with SDI File Name

23. Click *“TDI-File’’ under “‘File’’ in the menu bar at the top of the Main Window to go to the
tubular data input window (Figure 4-21).

- Tubularjwellhore Data Input [TD]) r._] -
TOHile

i whole Well Analysis Data Input (TD! file)

L Tubades Data *

i1 [No_Tnescription 10.0.{n ){1.D. [in) [Weight{&/H) [Langth (#t) [Yield 2

ii] |~ Section Hans hom batiom. l’!uﬂ i ;;5
o Wellbora Data * Tuindar Data Help ————s'ﬂ
1 [Mo._|Description JLD () _ [Langth {ft) Tebular Young's Meduhw 3
+2 [Immw i}_'l ‘ Z
i [ Tabuler i 31
i3 [* Goction stats from louﬁut—[ _[ 70000 ltl ’ i

e T

Sinrting depth (BN E: Prictian furier

EiRd
7

rrrrrr

I I I I A B
n iy LRI

Figure 4-21. Tubular/Wellbore Data Input
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24, Once the Tubular Data Input Window appears (Figure 4-21), click ‘‘open’’ under the *“TDI-
File’’ in the menu bar at the top of the window to open the file *‘Open Dialog Box’’ and
input the tubular/wellbore data stored in a data file.

| Tubularjwellbore Data Input [TDI} 1~]«
TDHfile

file open SrnnaEn
arr= Do
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Figure 4-22. TDI File Open Box

25. When the TDI File ‘‘open’’ box opens (Figure 4-22), click C:\ in the Drive box. This causes
the list of *. TDI files stored in drive C:\BUCKLEI\ to appear in the File Name box at the
upper left of the box. Click on Test., TDI and then click on [OK] and this fills the Tubular
Data Input window with data, as shown in Figure 4-23.
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Figure 4-23. Tubular/Wellbore Data Input — Filled
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26. Click ‘‘Continue’’ under ‘‘TDI-File’' in the menu bar at the top of the window to go back
to the Main Window. With the ‘‘Tubular Data File (TDI)” box listing
C:ABUCKLEI\TEST.TDI, as shown in Figure 4-24.

_T Main =1
File RAun Help ;

" Anatysis of Tubular Buckling and Lockitp

" Analysis Gptions
; C Straight Section Analysis @Whole Well Analynis]
fthout 5D tile) froqume SDI fio)

i C Incned Section : (™ Tripping-n
i Hotzentsl Section : & Difing
| Vemtesl Seclion

~ Buckling Mode! Options
@ Wu kJuvkam-'Wold (sinuzoidal and hebcall
C: Dawton k Paslay lsinusoidal] + Chen & Cheatham jhelical)

|Projoct Data Fie [PIB) T e

| Surwey Data File (SDI: CABUCKLETSTEST.SDI

[ Tubuiat Data File (TDIE CABUCKLEIATEST.TDI .
Compuistion complated

Figure 4-24. Main Window — Filled with SDI and TDI File Names

27. Click ‘‘Start’’ under ‘‘Run” from the pull<lown menu bar of the Main Window to start
computing. An indicator will display the percent of computation completed as a function of
time. When the indicator reaches 100%, the Main Window disappears and the result output
window displays (Figure 4-25) with the graphs and one table being displayed on Tile mode.
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Figure 4-25. Whole Well Analysis Output
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28. Click the right-top corner of each graph or table to pull up the graph or table to full-screen
as shown in Figure 4-26, Again the table shows the numerical values of the active graph.
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= File YWindow
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Figure 4-26. Full-Screen Graph

29. Click *“Tubular Buckling Animation’’ under the *‘window’’ in the menu bar of the whole well
analysis output window (Figure 4-27) to display the **Tubular Buckling Animation’’ screen
displays (Figure 4-28).
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Figure 4-27. Whole Well Analysis Output
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30. Click the ““+" or “-” buttons (Figure 4-28) t increase or decrease bit weight The buckling
development can be seen by the color change on the right graph and shape change on the left graph.
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Figure 4-28. Tubular Buckling Animation Window

To leave the Tubular Buckling Animation window, click on File in the menu bar. When the File
window opens, click on ‘‘Back to Main.”’ This will return the user to the Main Window.

The opened data file’s names can be saved into a project file, so that the user can open the data
files by opening the project file, allowing the computer to read the data automatically. Click
‘‘Save as..."”" under *‘File’ in the menu bar at the top of the Main Window (Figure 4-29) to open
the ‘‘Save’’ dialog box.

Main

SDHite Analysis of Tubular Buckling and Lockup
o ! Analysis Options
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ot Dok Fie iR

Swurvey Data File [SDI}

CABUCKLEI\TEST . SD)

Tubukar Data Fie (TDIT

C:\BUCKLET\TEST TDI

Compurarion complered

Figure 4-29. Project File Saving

4-17



8i+

(Ie+
am31.y) wexdosd o unz o} pasn juawdmba g jo Fugst] v pue ureiZoid S INOQE UONEULIONUL LA
mopum & suado mopum djat 2 ut **Inoqy uo Souppor) wrex3old G [Lm SOUBISISSE JOJ 10EU0D
0} SeNpApUI pue syaquinu Xej pue auoyd saald qomm ‘6Z-p 3Ly U UMOYS mopaLm 2 Tado
I SOUBSISSY U0 3UDID * INOQY PUE SOUMSISSY ATe MOPULM ST UT qeqreat suondo omg,
"mopur diol ap suado MopUIM BN S U1 Teq NUSW 33 JO Paa 143w 3 18 uondo dioH YL "6¢

"0g-» SMIL U1 TMOUS SB MOPUIA UIBIN S
Ul BMOYS OS[B 3JR SSUIEU S, 9] WEp AL 'SA[Y IAL s PUe ‘IS s ‘TAX x Ul PIOIS HEP AP SPET
Areonemone sanduwico o ‘(gfd") sureu oy 1oofoid ap 9s00Y) (67 AmBLY) mopurp UTE
@ Jo doy o Je Jeq nusw o U1 [N, Jopun  -'uadQ,, Y1 oy 109foid pases-aid e uado 0] 3¢

SweN €fd P Pa[L] — MOPUIM UIR Qg+ am3r]

Prandmo> norrvendus)
[+ 1011531V 3TN {ia1) ond g epgn |
1S 1SANITIINMD {105] °¢4 emg amg
4 andisavamonaa|  dard] sed meg ool
: lpqql-qpungnﬂommn]iqndQMQU
(1%o8ay pue RPI0SNULL) POM-BEYART 3 BM, 8
suondp rapopy Surrgong
: vonaes RONWA () | |
Oumig 9 [ uonses pwenoy )
-Buddu ) ;) " vonses peusaup 1y
(ons 105 omnbar) o 1t1S 1oupmes)
[EEITy 1M S & BjeUy UR0S kRS )
suondp sEAruy
dmya0T puv Supryong somani fo spsGouy
i3y unyg  ap4g
- [ -] urepy |—

"(0g - SINSL]) MOPUIAY UTEN S UT UmOUS ST Jureu SIF ‘ofy 100(0ad aup Buaes 1y €€



=] Microsoft Visual Basic [run] [=]a
Eite Edit Code Run Window Help

About BUCKLE1

Tabralas Bucki 3 | nekan Anatesia [Veesi o
pey DEA-4/0EA 67 I3
= . Project to Develop and E veluale Horizontal 2L
DrilSng Technoliogy
g and
Project to Develop and E valusta Ske-Hols and

Condad-Tubing Tachnology

By
hlmmes Enginoering inc.

CPU : Iniol 80485
Copiocassor : present
Windows Mode : Enhanced Mode
‘Windows Vestion : 3.10
Free Memory : 3392 KB

Figure 4-31. About Window
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- BUCKLE? R

For assistance with this program. conlact

D1, Ji Wi
e

D1, Russall W_ Hall_ Js.

Mawrte Enginamrng Inc.
2916 Wast T.Clestm Bivd
Houston, TX 77018, USA

Tet [713)683-0277
Fax (713} CE3GA1E
Telex 216556

Figure 4-32. Help Window

36. To exit the program, click File in the menu bar of the Main Window. When the File window
opens, click EXIT.
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6. BUG Report or Enhancement Suggestion Form

Name: Company:
Address: City: State:
Phore No.: Fax No.: Date:
O Bug\Problem Report [J Enhancement Suggestion
Program Name and Version Number:
Bug\Problem Description or Enhancement Suggestion:
Regarding the Bug Report, please answer the following questions:
Computer System Brand:
Chip: [ 286 0 386 O 486 O Pentium
Type: O pesktop [ Lapwop O Notebook O other
RAM: MB Speed: MHz
Math r Present: [0 Yes O No O unknown
Printer Type: (for printing error only)
Plotter: (for plotting error only)
Within Network System: O Yes O No Type:
Video Type: O EGa O vGa O svGa 0 Mono O rep
Video Card Ram: (video problem only)
Operating System
MS-DOS Version No.: MS-Windows Version No.: (for Windowsapplications)
08s2 MS-Windows NT Version No.:
Other
BUG Detecting Data
[J Will be mailed on diskette O Will be faxed O Attached O None
Other Comments:

Please send or fax to: Lee Chu

MAURER ENGINEERING INC.
2916 West T.C. Jester
Houston, TX 77018-7098
Ph.: 713/683-8227 « Fax: 713/683-6418
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